NiP alloycarbon black (CB) composite films were fabricated by electroplating and their microstructures and properties were examined. The CB and phosphorus contents of the composite films were also investigated. The CB particles were found to be embedded in the NiP alloy matrix. The CB content in the deposits increased, reached a maximum value of 0.77 mass % with increasing CB concentration in the bath up to 10 g dm 3 , and then decreased with a further increase in the CB concentration in the bath.
Introduction
Grease and lubricant oils cannot be used under certain conditions, such as high temperatures and in a vacuum. Instead, solid lubricants are used to reduce friction and wear. In addition, self-lubricating composites can be prepared from solid lubricants.
Graphite is moderate in price and is an effective solid lubricant. Consequently, methods for fabricating graphite composites (including resingraphite [13], ceramicgraphite [4] and metalgraphite composites [58]) have been actively researched. Metalgraphite composites have been fabricated by electrodeposition; for example, chromiumgraphite composite coatings [9] , graphitebronze composite coatings [10] and Nigraphite composites have been prepared by electroforming [11] .
However, most research has focused on using micron-sized graphite to form metalgraphite composites.
Coating mechanical components requires a dimensional accuracy of the order of microns, but it is difficult to fabricate composite films that are less than 1 m thick using micron-sized graphite. However, we believe that this problem can be overcome if composite films are fabricated using nanosized graphite. Since it is difficult to produce nanosized graphite of uniform size, we considered using carbon black (CB) instead.
CB consists of artificially produced nanosized carbon particles with diameters of about 3500 nm. CB particles are moderate in price and have been used to fabricate various composites, including polymerCB [12] and rubberCB [13] . However, there are few reports of metalCB composites being fabricated.
In the present study, we fabricated composite films from CB by electrodeposition using an NiP alloy with a moderate phosphorus content (about 11~18 atom%) as the matrix composite film. In general, NiP alloy plating has good corrosion resistance and it can achieve a high hardness by being heat treated. We characterized NiP alloyCB composite films and investigated their microstructures.
Experimental
We used a commercially available CB in the present study (Vulcan  XC72, Caboto
Co. Figure 1 shows SEM image of the CB particles used in this study. The particles were about 20100 nm in size and their shape was irregular. The CB particles were highly agglomerated. This result demonstrates the necessity of dispersing the CB particles by adding a dispersing agent and agitating the prepared bath in the plating bath to fabricate composite films with uniformly embedded particles. 
Results and Discussion

Conclusions
NiP alloyCB composite films were electrodeposited and their properties were investigated. The main conclusions are as follows:
(1) The CB content in the deposits increased, reached a maximum value of 0.77 mass % with increasing CB concentration in the bath up to 10 g dm 3 , and then decreased with a further increase in the CB concentration in the bath due to increasing aggregation of the CB particles. But the phosphorus content remained approximately constant regardless of the CB concentration in the plating bath.
(2) The NiP alloyCB composite films were relatively flat and smooth.
(3) Both before and after heat treatment, the NiP alloyCB composite films had higher hardnesses than the NiP alloy film.
(4) The NiP alloyCB composite film had a lower friction coefficient than the NiP alloy film under dry conditions before and after heat treatment. 
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